The nature of the ordinary gaseous ion appears today to be as far from a definite solution as it was in 1909 when Wellischl and Sutherland2 independently put forward the small ion theory as a possible alternative to the then generally accepted cluster ion theory. While at different times it has been thought that various critical experiments -decided the question in one way or another the writer3'4 has shown that none of the evidence thus far has been conclusive. In a more recent paper on the theory of ionic mobilities the writer4 concluded.with J. J. Thomson5 that if one assumed the mobilities to be controlled by the charge on the ion acting according to an inverse fifth power law, the actual nature of the ion had very little to do with the values of the mobilities as they were found in measurements in pure gases. The theory there advanced, while it agreed with most phenomena observed in such gases for ions better than previous theories, appeared to be seriously impaired by recent results of Tyndall and Grindley.6 It also encountered some difficulty in explaining the recent results of Erikson.7,8 9, 10, 11 In 1923 Miss Ashley and the writer'2 pointed out that an ultimate answer to the question of the nature of the ion might be found through a study of the mobilities of the ions in mixtures of gases of widely different constitution. The answer to be derived from such a source would not, however, in any way contravert the theory already proposed, but would enable one to extend the knowledge of facts beyond the scope of the conclusions to be derived from that theory. To this end they investigated the mobilities of ions in mixtures of NHs and air. They found that for this case the mobility could be computed by an equation which 
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That such a change in composition of the gas in the immediate neighborhood of the ion must follow in the case of gases like NH3 and HCI in air may be nicely shown from theoretical considerations. One may regard air and HCI molecules as being attracted to the ion with forces varying inversely as the fifth power of the distance. (Forces of this type are to be expected if a dielectric or conducting sphere is acted on by a radial field of force. They are also to be expected if molecular electrical dipoles which are constantly being oriented in any direction by their heat motions are acted on by a radial field of force. In both cases the induced dipole or the component of the fixed dipole in the direction of the field are acted on by a force varying inversely as the cube of the distance. The inducing force of the ionic charge on the dielectric sphere, or-its orienting force on the dipoles, is the electric field produced at the point where the molecule finds itself. This varies inversely as the square of the distance. Hence the resultant attraction varies inversely as the fifth power of the distance.) Assuming such forces and using the dielectric constants for air and HCI gas, Mr. Edward Condon in this laboratory, in analogy with the law of atmospheres, has computed the ratio of the number of molecules of the two kinds of gas at different distances from the charged ion. His reasoning is as follows. Suppose a gas made up of two kinds of molecules 1 and 2. The density of the two kinds N, and N2 is given in a field of force by the relation N, = N,o eCRT and N2 = N20 eIRT where E, and E2 are the potential energies of the molecules of each kind at the place where their relative densities are being calculated, and Nro and N20 are the densities at a point so far distant from the charge that the composition is that of the original mixture of the gases. N,e/Nio 1.14 X 10-' 1070 4.0 X 10-8 545 5.74 X 10-8 13.5 6.9 X 10-c 3.4 8.0 X 10-8 2.34 9.2 X 10-' 1.48 1.14 X 10-7 1.17 1.38 X 10-7 1.08 1.14 X 10-6 1.000016
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It is thus seen that the molecules that find themselves at the surface of a cluster ion of 4. of HCI molecules about the ion at low concentrations would be more effective than 100% at higher concentrations.
It would, at this juncture, be very difficult to deduce the expression for the mobility of the ions in such non-uniform mixtures of gases so that an attempt at quantitative verification would hardly be worthwhile. The qualitative reasoning outlined above shows that the peculiarities observed are to be expected in gaseous mixtures of widely differing dielectric constants on the writer's theory. They indicate that a definite "condensation" of molecules of higher dielectric constant about the nucleus of the ions occurs, even accompanied by a change in the concentrations of the constituents of the ion, so that it differs from the composition of the surrounding gas. Neither the theory nor these results can indicate how close or how permanent a union is effected between the ion and its attendant molecules. That the cluster of molecules closely bound to the charged molecule may be fairly stable will follow from the ratio of the potential energy of the ion to the kinetic energy of agitation. From the nature of the case it is not unlikely that in the course of the many collisions that an ion experiences in traversing a cm. of gas its cluster of attendant molecules may be changed many times. In general the net increase in density of all gaseous molecules in the neighborhood of an ion might be considered as its cluster. The more distant of these molecules will constitute a very labile cluster indeed. Thus the investigation of the mobilities of ions in mixtures has been able to do what mobility measurements in pure gases could never do and that is to demonstrate the existence of a definite labile cluster ion.
The considerations of the nature of the cluster which have preceded this may with profit be carried further. The power of the ion to gather around it the more electrically active impurities present explains why such impurities as water vapor may, even in traces, profoundly influence the mobility.16"7 The surrounding gas has nevertheless some influence and, in mixtures of air containing as little as 0.01% of HCI, the mobility of the ion would be largely that to be expected in pure air, for the ion would consist predominatingly of air molecules. This explains,.in'part, why the mobility of an ion in a gas takes on the value of the' mobility of an ion in that gas no matter what the gas the ion was originally formed in. This was experimentally independently found first by Franck'6 and Wellisch and has later been very carefully investigated by Tyndall6 and Grindley, and by Erikson.8"0"' That is, ions formed initially in CO2 or H2 and originally consisting of nearly exclusively CO2 or H2 molecules when measured while drifting through air have the same mobility as the ions generated initially in air. The effect described above is not, however, entirely ascribable to this effect. For the same authors found that even for ions consisting of 'the radioactive recoil atoms from Th D (whose mobility was studied by their radioactive effect so that it was certain that the initially ionized nucleus of the ion had retained the charge), showed about the same mobility (or even higher ones),* in air than the air ions formed in that gas showed. The measurements on this gas and such initially ionized molecules as H2, CHCl3.and CO2 were accurate to 1%.
That the nucleus should play such an exceedingly minor r6le in the values of the ionic mobility is very strange indeed for it is contrary to all mobility equations based on dynamics. A detailed discussion of this will form, part of a paper on ionic mobility equations to be published shortly. In conclusion the writer wishes to express his gratitude to Mr. Edward Condon for his help in formulating this discussion. This meant that the loss of charge of the enclosed electroscope was not due to imperfectly insulating supports, but must rather be due to some highly penetrating rays, like the gamma rays of radium, which could pass through metal walls as much as a centimeter thick and ionize the gas inside.
.
In view of this property of passing through relatively thick metal walls in measurable quantity, the radiation thus investigated was called the "penetrating radiation" of the atmosphere, and was at first quite naturally attributed to radioactive materials in the earth or air, and this is in fact the origin of the greater part of it. But in 1910 and 1911 it was found that it did not decrease as rapidly with altitude as it should upon this hypothesis. The first significant report upon this point was made by the Swiss physicist, Gockel,8 who took an enclosed electroscope up in a balloon with him to a height of 13,000 feet and reported that he found the "penetrating radiation" about as large at this altitude as at the earth's surface, and this despite the fact that according to Eve's' calculation it ought to have fallen to half its surface value in going up 250 feet.
In 1911, '12, '13 and '14 two physicists, Hess,' a Swiss, and Kolh6rster,6 a German, repeated these balloon-measurements of Gockel's, the latter going to a height of 9 km., or 5.6 miles, and reported that they found this
